Purpose:The aim of the present study was to assess, in cadavers, the resistance to medial traction of the posterior and anterior layer of the rectus abdominis muscle sheath. Methods: An anatomical, prospective, self-controlled study was carried out in 20 male cadavers. An evaluation of the tension of the posterior and anterior layers of the rectus abdominis muscle sheath was performed following anatomical dissection of these structures. The traction necessary to advance the tissue ten millimeters was assessed using an analogic dynamometer. Results There was no significant statistical difference between the necessary traction at various levels of the anterior and posterior layers of the rectus sheath. However, medial advancement of the anterior layer of the rectus sheath required more traction strength than did advancement of the posterior layer to the midline. Conclusion: There is no difference in the tensile strength in the various levels of the anterior and posterior layers of the rectus sheath; however, medial advancement of the the anterior layer required more traction strength. Key words: Abdominal muscles. Tensile strength. Rectus abdominis. Cadáver.
Introduction
The abdominal wall plays an important role in numerous physiological activities, including voluntary movement, the vomit mechanism, childbirth, micturition, and evacuation 1 .
Medial laparotomy provides easy and rapid access to the abdominopelvic cavity with ample visceral exposition, allowing access to all major abdominal structures, including the retroperitonium. This kind of incision promotes minimal blood loss due to the nonvascular nature of the linea alba. For these reasons, the medial incision is the approach preferred by a majority of surgeons, particularly for urgent procedures and exploratory laparotomy 2 . An important detail to the procedure, however, is the reconstruction of the abdominal wall, which must ultimately exhibit low tension and be carried out by suturing viable structures using strong material 3 . A primary cause for the increased incidence of hernias following medial laparotomy is excessive tension in the suture line 4, 5 . This tension generates ischaemia in the muscle-aponeurotic plan and, consequently, dehiscence and abdominal injury. The aim of the present study was to evaluate, using cadavers, the medial tensile strength of the posterior and anterior layers of the rectus abdominis muscle sheath across four levels, two below and two above the umbilicus.
Methods
Twenty adult cadavers were dissected. The cadavers were fresh (not fixed), and were obtained at a maximum post-mortem interval of 24 hours. The cadavers were stored at ambient temperature. The sex or race did not have any election in relation. With the cadaver placed in the supine position (horizontal dorsal decubitus), a xifopubic incision including the superficial fascia was carried out using a scalpel blade number 22 until the linea alba and surrounding umbilicus were exposed. After dissection between the superficial fascia and the anterior layer of the rectus sheath, the linea alba was delimited and excised, creating a defect in the muscle-aponeurotic plan. Access to the posterior layer of the abdominal rectus muscle was therefore established. Dissection of the posterior face of the rectum muscle was carried out through its posterior layer. The sixteen points points for our study of muscle traction were demarcated: eight points were in the anterior layer and eight points were in the posterior layer (Figure 1 ). Of the eight points in each layer, four were positioned superior to the umbilicus (three and six cm above the umbilicus) and four were inferior (two and four centimeters below the umbilicus). The symmetrical points were equidistant in relation to the medial edge of the aponeurosis and this distance was of ten millimeters for each point. In each one of the sixteen points, was performed a handle, with diameter of five millimeters (mm) through a point in "X" with nylon wire number 00, involving only the aponeurotic plan. With the purpose to measure the necessary traction for the advance of ten millimeters in each point in the direction of the median line, an analogical dynamometer was used (hardwired to the handle, located in straight angle in relation to the median line. It was used an analogical paquimeter fixed in a connecting rod to measure the advance of ten millimeters (Figure 2 ). The dynamometer was pulled perpendicularly to the median line for the researcher, while another observer verified the advance of ten millimeters of the anterior and posterior layers of the rectum sheath. All measures with the dynamometer had been repeated by another researcher. When it had discrepancy, the accepted value was the average between the two measures. After each session of study, the dynamometer was revised and calibrated. After the collection of the information, with the objective to make possible the comparison of the muscle-aponeurotic resistance in the studied points, each gotten measure was related at a distance advanced of ten millimeters. The traction coefficient was then used, calculated by means of the following formula: Ct = Coefficient of traction (Kgf/cm); T = traction (Kgf), measure with the dynamometer, in each definitive point; d = distance (cm) of the aponeurotic point until the median line. Because the distance that the layers of the rectal sheath were advanced remained constant (10mm), the traction coefficient reflects the proper value of the traction in Kgf/cm.
The means between the corresponding points on the right and left sides were calculated. These points are described in Chart 1. to separately compare the four levels in the anterior points with the four posterior levels. Results were considered statistically significant when P < 0.05. ant>post occurring in the core muscles of living tissue. The location of the four aponeurotic points allowed for a detailed evaluation of regions both above and below the umbilicus, as well as both the aponeurotic layers (anterior and posterior). The required tensions were surveyed with a dynamometer that measures the tension force generated by the displacement of a spring, generating results along a linear scale with divisions of 500gf. The traction of the dynamometer was perpendicular to the midline, tangential to the aponeurosis, and limited to 10mm, demarcated for one analogical paquimeter. This method has previously been used successfully in studies of abdominal wall mobility in cadavers 4, 13, 14, 15, 16 . To compare the results with those from other studies, the obtained values were calculated into a coefficient of traction that takes into account the distance covered for each point. Because this distance was fixed to 10mm, the actual value of the traction measured in Kgf corresponds to the value of the traction coefficient in Kgf/cm. The option for the fixed distance had it the fact of the handles breached when were tractioned until the middle line, during the pilot study. This was most likely due to lateral movement of the abdominal muscles following excision of the linea alba. The arithmetic means between the corresponding points on each side of the body were calculated to generate representative values 4, 14, 15, 16 . The regional coefficients of traction were highly variable between cadavers, and did not exhibit a normal distribution. For this reason, we employed statistics that evaluate abnormally distributed populations. Paired regional coefficients for traction measurements were compared using Friedman variance's analysis. The paired regional coefficients of traction for the anterior and posterior layers, over all levels above and below the umbilicus were compared using Wilcoxon's test. We found that, across all levels of the abdominal wall, the anterior layer was more resistant to medial traction, and required a larger traction force for medial retraction. However, at 3cm above the umbilicus, there was no significant difference between the anterior and posterior layers. These findings are consistent with results from previous studies 4, 14, 15, 16 . However these studies evaluated only one point above and below the umbilicus, but took measurements following various types of muscle-aponeurotic manipulation. This difference can be explained by the disposal and quantification of colagem fibres of the rectus muscle are different in the two layers (anterior and posterior) 17 . When we evaluated the points across the upper and lower umbilicus regions, we found no differences in either the anterior or posterior layers. These findings were consistent with previous work conducted by Nahas et al. 13 When this study was conceived, it was thought that it would have a bigger tension exerted for the upper levels when comparative to the lower ones. Importantly, in the anterior layer, the composition of the layers in the longitudinal direction is gradually modified by the fibers of the aponeuroses of the oblique internal and transverse abdominal muscles, resulting in a thinning of A statistical analysis of the data demonstrated that, within a single aponeurosis, there were no differences between the different levels of the anterior or posterior layers of the rectus muscle. However, the values obtained in the anterior layer were significantly greater than those obtained from the posterior layer of the aponeurosis.
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Discussion
Incisions in and subsequent closures of the anterior abdominal wall, particularly along the median line, are among the most frequent surgical approaches for abdominal surgery. The closure of the abdominal wall must be executed carefully to diminish postoperative defects in the anterior abdominal wall that can result from excessive tension in the sutures. An excess of tension in the suture line, generating ischaemia and tecidual necrosis, has been associated with an increased incidence of abdominal hernias. To investigate the necessary tension required to move abdominal muscles a fixed distance relative to the median abdominal line, we used fresh cadavers, obtained less than 24 hours post-mortem. However, during this period, cadavers can suffer under the influence of abiotic factors, including an abolition of immediate muscular strength, dehydration and gradual weight loss, and varied degrees of cadaver rigidity 8 . Van Geffen et. al. 9 compared two groups of cadavers: fresh and those submitted to low temperatures (not fixed). These authors did not observe any differences in the mobilization of the abdominal walls due to rigor mortis. In living bodies, the tension in the abdominal wall is caused by the centrifugal force of the abdominal contents and by the contraction of the abdominal muscles with a vector of lateral force (generated by the external oblique, internal oblique and transversus muscles of the abdominal wall) 10 . Moreover, following the surgical closure of the abdominal wall, bowel edema, gaseous distension, and an increase in post-operative ileum content increase the intra-abdominal pressure to varying degrees 11, 12 . There were excluded cadavers that presented with alterations in the abdominal wall or intraperitoneal changes that could restrict the muscle-aponeurotic components. The opening of the peritoneum was prevented in order to facilitate the measurements. Nahas and Ferreira 4 developed an experimental model to study the tension of the abdominal wall using cadavers 4 . These authors were able to evaluate the resistance mechanics of the abdominal wall in human cadavers, without interference from the dynamic changes the anterior layer at the level of the anterior superior iliac spine to the pubic symphysis, and forming the hooped line 18 . For this reason many surgeons prefer closure of the anterior layer for reconstructing defects in the abdominal wall.
Conclusion
There is no difference in the medial tensile strenght in the levels studied in the anterior and the posterior layer of the rectus abdominis muscle sheath. In the anterior layer, the necessary force for the medial advance is significantly bigger when is compared with the posterior layer of the rectus mucle sheath.
